Summary. In order to evaluate interobserver and intraobserver agreement of the Frykman and AO classifications and their variations between assessors with different levels of experience, three hand specialists, a fellow and two senior residents classified radiographs of 200 fractures of the distal radius in anteroposterior and lateral views. Reproducibility was assessed by the use of the proportion of agreement and kappa coefficient between pairs of observers. The Frykman classification showed moderate interobserver reproducibility (kappa = 0.43) and good intraobserver reproducibility (kappa = 0.61). The experience of the reviewers did not significantly affect either of these. The AO system showed regular interobserver reproducibility (kappa = 0.37) and moderate intraobserver reproducibility (kappa = 0.57). The younger group obtained higher intraobserver agreement than the senior. Possible causes for the low reproducibility of both classifications are discussed together with a review of the literature. We do not recommend the Frykman or AO classifications for clinical application because of their questionable reproducibility. 
Introduction
The use of numerous classification systems for distal fractures of the radius prevents comparable assessment of treatment modalities and outcomes from different series. Any classification system should provide guidelines to determine both choice of treatment and the prognosis. Good interobserver and intraobserver reproducibility are desirable features.
Interobserver reproducibility refers to the level of agreement between different observers in the classification of a lesion. Intraobserver reproducibility describes the level of agreement in one ob-server for the classification of a lesion on separate occasions.
The Frykman and AO classifications for distal radial fractures have been widely used for clinical research [2, 3, 6, 11 ± 13] , and some authors suggest they are useful in evaluating treatment and prognosis [6] .
This study was designed to assess the degree of interobserver and intraobserver consistency of these two classification systems in anteroposterior and lateral radiographs, and to determine their variations between observers of different levels of experience.
Material and methods
Anteroposterior and lateral radiographs of 200 acute fractures of the distal radius in 198 adult patients seen in the emergency room at this hospital were chosen for study. We excluded those with previous fractures of the ipsilateral wrist, those with bad quality radiographs, with rheumatoid arthritis and with articular involvement by other systemic conditions. Selection of radiographs was performed by 2 orthopaedic surgeons who were not assessors. The identification and date on the films were hidden in all studies and each was identified with a random number.
Six observers with different levels of experience were selected: 3 hand surgeons (O1, O2, O3) and 3 orthopaedic surgeons in training: a first-year hand surgery fellow (O4), a chief of residents (O5) and a third-year orthopaedic resident (O6). Although they were familiar with both classification systems, they were provided with detailed illustrations and the original descriptions [5, 10] .
The series was studied individually and without supervision by each practitioner. Only one classification was applied at each session. Two special conditions were recorded: (a) that a fracture could not be included in any group, and (b) that a fracture could be included in more than one group. The fractures included in either of these conditions by any reviewer were defined as inadequately classified and excluded from the reproducibility analysis.
We simplified both classifications for the purpose of the statistical analysis. We eliminated fractures of the ulnar styloid to reduce the Frykman classification to 4 possible choices: type 1 ± extra-articular fractures; type 3 ± intra-articular radiocarpal fractures; type 5 ± fractures with distal radioulnar joint involvement, and type 7 ± fractures with radiocarpal and radioulnar involvement.
The AO classification system is complex and includes 3 types, 9 groups and 27 subgroups. We simplified it by regrouping them into 5 categories as suggested by Safar in 1993 (personal communication). Type I includes all extraarticular fractures (9 subgroups of AO type A). Type II includes all partial articular fractures (9 subgroups of AO type B). Type III includes non-comminuted intra-articular fractures (AO group C1). Type IV includes intra-articular fractures with metaphyseal comminution (AO group C2) and type V includes fractures with articular and metaphyseal comminution (AO group C3).
In order to calculate intraobserver agreement, each observer analysed the series for each classification on 2 occasions at an interval of 2 months. In the second test, the series was presented in reverse order.
Statistical analysis
Assessment of inter-and intraobserver consistency was accomplished by the use of two parameters: the proportion of agreement and the kappa coefficient as proposed by Fleiss [4] .
The observed proportion of agreement is the percentage of instances in which the observers agreed. The kappa coefficient involves adjustment of the observed proportion of agreement (Table 1) . Kappa coefficients were calculated with the aid of computer software Kappa Statistics (Epidemiological Research Unit, University of Manchester, UK). Interobserver agreement was assessed by calculating kappa coefficients for every possible pair of observers (Table 2) . Intraobserver agreement was determined by individual comparison of the two tests (Tables 3 and 5 ). The observed proportion of agreement between specialists and non-specialists was compared with the chi-square test. The level of significance was P 50.05.
Results

Frykman classification ± interobserver agreement
Five cases (2.5%) could not be adequately classified by one or more assessors and were excluded from the intraobserver consistency test.
All 6 observers agreed on the classification of 48 fractures (24.6%), 5 observers for 43 fractures (22%), 4 for 50 fractures (25.6%), 3 for 51 fractures (26.1%), and only 2 for 3 fractures (1.5%).
The average proportion of agreement between pairs of assessors was 59% (range 51% to 90%) and the average kappa coefficient was 0.43 (range 0.36 to 0.84) which indicates moderate reproducibility (Table 2) The group of specialised observers achieved an average proportion of agreement of 56% and average kappa coefficient of 0.39 (fair reproducibility). The non-specialised observers obtained an average proportion of agreement of 61% and an average kappa coefficient of 0.46 (moderate reproducibility). The difference between the average proportion of agreement obtained by both groups was not significant (P = 0.075).
Frykman classification ± intraobserver agreement
Eight observations in 5 fractures classified by O1 were excluded from his consistency assessment due to inadequate classification.
The average proportion of agreement between first and second grading sessions for all 6 observers was 73% (range 61% to 85%), and the average kappa coefficient was 0.61 (range 0.48 to 0.77). This represents good reproducibility (Table 3) .
For experienced observers, the proportion of agreement was 72% and the kappa coefficient was 0.59 (moderate reproducibility). The orthopaedic surgeons in training obtained an average proportion of agreement of 75% and a kappa coefficient of 0.63 (good reproducibility). There was no significant difference between the proportion of agreement of both groups (0.205 P 50.30) ( Table 3) .
AO classification ± interobserver agreement
Nine cases (4.5%) could not be adequately grouped by one or more observers and were excluded.
All 6 observers agreed on the classification for 40 fractures (21%), 5 for 49 fractures (26%), 4 for 55 fractures (29%), 3 for 39 fractures (20%) and only 2 for 8 fractures (4%).
The average proportion of agreement between pairs of observers was 58% (range 51% to 68%) and the average kappa coefficient was 0.37 (range 0.25 to 0.48) which corresponds to a fair reproducibility (Table 4) .
Experienced observers achieved an average proportion of agreement of 56% and an average kappa coefficient of 0.31 (fair reproducibility). The non-specialists obtained an average proportion of agreement of 59% and an average kappa coefficient of 0.40 (fair reproducibility).
The difference between the proportion of agreement obtained by both groups was not significant (P 40.30).
AO classification ± intraobserver agreement
Three observers could not adequately classify one or more fractures which were excluded from their intraobserver consistency analysis.
The average proportion of agreement between first and second tests for all 6 observers was 73% (range 64 to 85%) and the average kappa coefficient was 0.57 (range 0.41 to 0.72), representing moderate reproducibility (Table 5) .
For experienced observers, the proportion of agreement was 68% and the kappa coefficient was 0.50 (moderate reproducibility). The non-specialists obtained an average proportion of agreement of 77% and the kappa coefficient of 0.63 (good reproducibility). There was a significant difference between the proportion of agreement of both groups (P 50.03).
Discussion
Any classification system should have adequate intraobserver and interobserver consistency in order to be widely accepted as a common tool for comparing different series. Andersen et al. found good intra-and interobserver reproducibility for the Older classification system in 185 fractures evaluated by 4 hand surgeons [1] .
The Frykman and AO classifications have been used to group patients, select treatment and estimate outcome [2, 3] . Moran et al. evaluated interobserver variations for the Frykman classification and reported kappa values of less than 0.5, but they did not analyse intraobserver reproducibility or variations in agreement between observers with different levels of experience [9] . Kreder et al. evaluated the consistency of the AO classification in 36 physician and non-physician observers in a series of 30 fractures, and reported diminished interobserver agreement in comminuted fractures and in non-physicians [7] .
We used radiographs of 200 distal radial fractures to determine inter-and intraobserver agreement of the Frykman and AO classification systems for 6 observers with varying expertise. With the simplified Frykman classification, in the first test, all 6 observers agreed for only 48 fractures (24.6%) (Figs. 1, 2) . When both first and second viewings were considered, unanimous classification occurred only in 29 fractures (14.8%). We found moderate interobserver reproducibility for the simplified Frykman classification (kappa = 0.43), which is consistent with previous reports [9] , but 10 pairs of observers showed only fair interobserver agreement. Intraobserver consistency for this system was good. We believe that subjective interpretation of the parameters considered in this classification is partly the reason for this observation. In addition, radiographic assessment in complex fractures may be insufficient. Evaluation of such lesions by CT scan would probably provide more precise information and improve reproducibility rates.
For the simplified AO classification, in the first test, only 40 fractures (21%) were classified identically by all 6 observers (Fig. 1, 2) . When both first and second viewings were considered, all 6 assessors agreed on the type in only 24 fractures (13%). We found fair interobserver reproducibility for this classification (kappa = 0.37) which is consistent with previous reports [7, 9] . Intraobserver agreement was moderate. This can be attributed to several factors: firstly, the classification is complex and differences between subgroups can sometimes be subtle; secondly, there are no strict guidelines for assessment of the extent of metaphyseal and articular comminution, and thirdly, the determination of the limits of the distal radioulnar joint.
The simplified Frykman classification has proved more consistent than the simplified AO scheme with regard to interobserver reproducibility. There are two factors responsible for this; our observers regularly use the former, and the simplified AO system has more types than the Frykman scheme. We believe that full classifications would have shown less reproducibility.
In contrast to the results reported by Kreder et al. using the simplified AO classification [7] , we found that the proportion of inter-and intraobserver agreement did not improve with increased experience.
For both classifications, the values of intraobserver reproducibility were higher than values of interobserver reproducibility.
These classifications have been frequently used to assist decisions regarding treatment, to determine the prognosis, to compare treatment modalities and for grouping patients. Unsatisfactory reproducibility could be responsible for the heterogeneous grouping and the difficulties in assessing comparability between series.
We suggest that these classifications should be no longer used; both properly describe the characteristics of the lesions. We have identified their weakness in order to determine their application in daily practise. Our results contribute to the understanding of distal radial fractures and to the formulation of a universal classification. Such a system should serve to discriminate between treatment modalities and expectation of outcome, and should provide adequate interobserver and intraobserver consistency.
